In this paper we propose a kind of natural selection which can discriminate the three possible neutrino mass models, namely the degenerate, inverted hierarchical and normal hierachical models, using the framework of Type II seesaw formula. We arrive at a conclusion that the inverted hierarchical model appears to be most favourable whereas the normal hierarchical model follows next to it. The degenerate model is found to be most unfavourable. The neutrino mass matrices which are obtained using the usual canonical seesaw formula (Type I), and which also give almost good predictions of neutrino masses and mixings consistent with the latest neutrino oscillation data, are re-examined in the light of non-canonical seesaw formula (Type II). We then estimate a parameter γ which represents the minimum degree of suppression of the extra term arising from the left-handed Higgs triplet, so as to restore the good predictions on neutrino masses and mixings already had in Type I seesaw model.
Introduction
Recent neutrino oscillation experiments [1] which provide important informations on the nature of neutrino masses and mixings, have strengthened our understanding of neutrino oscillation [2, 3] . However we are still far from a complete understanding of neutrino physics. One of them is the pattern of the neutrino mass eigenvalues, though some reactor experiments are trying to understand it. For future reference we summarise here [1] the most recent results of the three-flavour neutrino oscillation parameters from global data including solar [4] , atmospheric [5] , reactor (KamLAND [6] and CHOOZ [7] ) and accelerator (K2K [8] As far as the LSND result [9] is concerned, it is finding difficulty to reconcile with the rest of the global data, and a confirmation of the LSND signal by the MiniBooNE experiment [10] would be very desirable. There are also some complementary information from other sources. The recent analysis of the WMAP collaboration [11] gives the bound i |m i | < 0.69eV (at 95% C.L.) (more conservative analysis [12] gives i |m i | < 1.01eV). The bound from the 0νββ-decay experiment is |m ee | < 0.2eV (a more conservative analysis gives |m ee | < (0.3 − 0.5)eV) [13, 14] . However the value of the |m ee | from the recent claim [15] for the discovery of the 0νββ process at 4.2σ level, is |m ee | ∼ (0.2 − 0.6)eV (more conservative estimate involving nuclear mass is |m ee | ∼ (0.1 − 0.9)eV).
Since the above data on solar and atmospheric neutrino oscillation experiments, gives only the mass square differences, we usually have three models ( Appendix A presents a list of the zeroth-order left-handed Majorana mass matrices which can explain the above three patterns of neutrino masses). The result of 0νββ decay experiment, if confirmed, would be able to rule out Type [II] and Type [III] neutrino mass models straight, and points to Type [I] or to models with more than three neutrinos [3] . Again, the WMAP limit (at least for three degenerate neutrinos), |m| < 0.23eV also would rule out Type [I] neutrino model, or at least it could lower the parameter space for the degenerate model [3] . It also gives further constraint on |m ee |. However a final choice among these three models is a difficult task. At the moment we are in a very confusing state. The present paper is a modest attempt from a theoretical point of view to discriminate the neutrino mass models using the Type II seesaw formula (non-canonical seesaw formula) for neutrino masses.
The paper is organised as follows. In section 2, we outline the main points of the Type II seesaw formula and a criteria for a natural selection which helps to discriminate the neutrino mass models. We carry out numerical computations in section 3 and present our main results. Section 4 concludes with a summary and discussions.
2 Type II see-saw formula and neutrino mass matrix
The canonical seesaw mechanism (generally known as Type I seesaw formula) [17] is the simplest and most appealing mechanism for generating small neutrino masses and lepton mixings. There is also another type of seesaw formula ( known as Type II seesaw formula) [18] where a left-handed Higgs triplet ∆ L picks up a vacuum expectation value (vev) in the left-right symmetric GUT models such as SO (10) . This is expressible as
where the usual Type I seesaw formula is given by the expression,
Here m LR is the Dirac neutrino mass matrix in the left-right convention and the right-handed Majorana neutrino mass matrix M RR = v R f R with v R being the vacuum expectation value (vev) of the Higgs fields imparting mass to the right-hand neutrinos and f R is the Yukawa coupling matrix. The second term m II LL is due to the SU(2) L Higgs triplet, which can arise, for instance, in a large class of SO(10) models in which the B − L symmetry is broken by a 126 Higgs field [19, 20] . In the usual left-right symmetric theories, m
II LL
and M RR are proportional to the vacuum expectation values (vevs) of the electrically neutral components of scalar Higgs triplets, i.e., m
The left-right symmetry demands the presence of both m II LL and M RR , and in addition, it holds
3 . In general γ is a function of various couplings, and without fine tuning γ is expected to be of the order unity. Type II seesaw formula in Eq.(1) can now be expressed as
In the light of the above Type II seesaw formula Eq. In recent times case(a) has gathered momentum because in certain SO(10) models, large atmospheric neutrino mixing and b − τ unification are the natural outcomes of this dominance [20, 22, 23] . In some models this leads to degenerate model [24] which imparts bimaximal mixings, as well as extra contribution to leptogenesis [24, 25, 26] . However all these cases are not completely free from certain assummptions as well as ambiguities.
It can be stressed that these two terms m [19, 21, 22, 25, 28] . However, in the present paper we shall always take v R as the heaviest right-handed Majorana neutrino mass eigenvalue obtained after the diagonalisation of the mass matrix M RR . Once we adopt this convention, there is little freedom for the second term m II LL in Eq. (3) to have arbitrary value of v R . We also assume that the SU(2) R gauge symmetry breaking scale v R is the same as the scale of the breakdown of parity [20] 4 . The present work is carried out in the line of case (b) and (c) discussed above, but the choice of which term is dominant over other, is not arbitrary any more. We carry out a complete analysis of the three models of neutrino mass matrices (See Appendix B for the expressions of M RR and m LL ) where the (already acquired) good predictions of neutrino masses and mixings in the canonical term m I LL is subsequently spoiled by the presence of second term m II LL when γ = 1 in m LL . We make a search programme for finding the values of the minimum departure of γ from of the canonical value of one, in which the good predictions of neutrino masses and mixing parameters can be restored in m LL . We propose here a bold hypothesis which acts as a sort of " natural selection" for the survival of the neutrino mass models which enjoy the least value of deviation of γ from unity. In other words, the value of γ is enough just to suppress the perturbation effect arising from Type II seesaw formula. Nearer the value of γ to one, better the chance for the survival of the model in question. Thus the parameter γ is an important parameter for the proposed natural selection of the neutrino mass models.
The above criteria for natural selection imposes certain constraints on the neutrino mass models which one can obtain in the following way, at least for the heaviest neutrino mass eigenvalue (without considering mixings). If the neutrino masses are solely determined from the second term of Eq. (3), then the first term must be less than the certain order which is dictated by the particular pattern of neutrino mass spectrum. In this view, the largest contribution of neutrino mass from the first term must be less than about 0.05eV for both normal hierarchical and inverted hierarchical models; and about 0.5eV for degenerate model as the data suggests [1] . Thus we have the bound for the natural selection:
Denoting the heaviest right-handed neutrino mass as v R and taking M W ∼ 82GeV [21] in the expression of v L , the following lower bounds on v R for the natural selection are obtained:
For normal hierchical and inverted hierarchical model:
For degenerate model:
The above bounds just indicate the approximate measure of the degree of natural selection, but a fuller analysis will take both the terms of the Type II seesaw formula in the 3 × 3 matrix form. This will gives all the three mass eigenvalues as well as mixing angles. This numerical analysis will be carried out in the next section. It is clear from Eqs.(5) and (6) that any amount of arbitrariness in fixing the value of v R in M RR will distort the conclusion.
Numerical calculations and results
For a full numerical analysis we refer to our earlier papers [27] where we performed the investigations on the origin of neutrino masses and mixings which can accomodate LMA MSW solution for solar neutrino anomaly and the solution of atmospheric neutrino problem within the framework of Type I seesaw formula. Normal hierarchical, inverted hierarchical and quasi-degenerate neutrino mass models were constructed from the nonzero textures of the right-handed Majorana mass matrix M RR along with diagonal form of m LR being taken as either the charged lepton mass matrix (case i) [28] or the up-quark mass matrix (case ii) [27] . However, a general form of the Dirac neutrino mass matrix is given by :
where m f corresponds to (m τ tan β) for (m, n) = (6, 2) in case of charged lepton (case i) and m t for (m, n) = (8, 4) in case of up-quarks (case ii).
The value of the parameter λ is taken as 0.22. Here the assumption is that neutrino mass mixings can arise from the texture of right handed neutrino mass matrix only through the interplay of seesaw mechanism [29] . This can be understood from the following operation [30, 31] where M RR can be transformed in the basis in which m LR is approximately diagonal
LL by considering a simple assumption, U L ≃ 1. Since the Dirac neutrino mass matrices are hierarchical in nature and the CKM mixing angles of the quark sector are relatively small. In such situation U L slightly deviates from 1, i.e., U L ≃ V CKM , and it hardly affects the numerical accuracy [30] for practical purposes. Here M RR is the new RH matrix defined in the basis of diagonal m LR matrix. We thus express M RR in the most general form as its origin is quite different from those of the Dirac mass matrices in an underlying grand unified theory. As usual the neutrino mass eigenvalues and neutrino mixing matrix (MNS) are obtained through the diagonalization of m LL , m 2 , m 3 ) , and the neutrino mixing angles are extracted from the MNS lepton mixing matrix defined by V M N S = V † νL .
Normal hierarchical model (Type [III]):
We then perform a detailed numerical analysis to search for the parameter γ which measures the perturbation effects arising from the Type II seesaw term. As a simplest example, we take up the case for the normal hierarchical model (Type [III]) while the expressions for other models are relegated to Appendix B. Using the general expression for m LR given in Eq. (7) and the following texture for M RR [27] :
we get the neutrino mass matrix of the Type [III] through Eq. (2),
Here we have fixed the value of v R = 8.92 × 10 13 GeV for case (i), taking (m, n) as (6, 2) [32, 33] . For the case (ii) when (m, n) = (8, 4) in Eq. (7), we take the input value m t = 82.43GeV at the high scale. We have again the final predictions from m LL : γ ≃ 0. [27] . We repeat the same procedure described above for all these cases and find out the corresponding values of γ.
We present here the main results of the analysis. We calculate RH neutrino masses in Table-1 Table-1 that only Type [ II(A,B) ] satisfie the bounds given in Eqs. (5) and (6) when γ = 1. This roughly implies that Inverted hierarchical model is the best choice for natural selection though a fuller analysis needs the matrix form when all terms are present. Our main results on neutrino masses and mixings are presented in Table-2 and Table-3 . One particular important parameter is the predicted values of γ. Table-4 presents the mass parameter |m ee | and α for both cases (i) and (ii).
From Table- Table-4 : Predicted values of the 0νββ decay mass parameter |m ee | and α for both cases (i) and (ii) from m LL using the values of parameters in Table 1 
Summary and Discussion
We summarise the main points of this work. We can generate in principle the three neutrino mass matrices namely, degenerate (Type [I(A,B,C)]), inverted hierarchical (Type [II (A,B)]) and normal hierarchical (Type [III]) models, by taking the diagonal form of the Dirac neutrino mass matrix and a nondiagonal form of the right-handed Majorana mass matrix in the canonical seesaw formula (Type I). We then examine whether these good predictions are spoiled or not in the presence of the left-handed Higgs triplet in Type II seesaw formula; and if so, we find out the least minimum perturbation for retaining good predictions which are previously obtained. We propose a kind of natural selection of the neutrino mass models which have "least perturbation" arising from Type II seesaw term, in order to retain the good predictions already acquired. Under such hypothesis we arrive at the conclusion that inverted hierachical model is the most favourable one in nature. Next to it is the normal hierarchy. Degenerate models are badly spoiled by the perturbation in Type II seesaw formula, and therefore it is not favoured by the natural selection. Our conclusion also nearly agrees with the calculations using the mass matrices m LR and M RR predicted by other authors in SO(10) models [34, 35] . It can be stressed that the method adopted here is also applicable to any neutrino mass matrix obtained using a general nondiagonal texture of Dirac mass matrix.
A [33] . If we use the lower bound on |m ee | > 0.013 eV derived from the SNO data (with salt run) [36] , Type [IIB] nearly survives. Precise measurement of sin θ 13 may help to distinguish these two kinds. This can be tested in the future long baseline experiments [36] . As a remark we also point out that unlike Type [IIB], Type [IIA] will be unstable under quantum radiative corrections in MSSM [33] . As emphasised before, the present analysis is based on the hypothesis that those models of neutrinos where the canonical seesaw term is dominant over the perturbative term arising from Type II seesaw, are favourable under natural selection. The present work is a modest attempt to understand the correct model of neutrino mass pattern.
Appendix A
We list here for ready reference [16] 
